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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

T E C m C A L  MEMORANDUM X-470 

INVESTIGATION OF THE PERFORMANCE AND COPJTROL OF A 

MACH 3.0,  TWO-DIMENSION&, EXTERNAIL- 

INTERNAL- COMPRESSION lTNLETn 

By David N. Bowditch and Bernhard H. Anderson 

SUMMARY 

An experimental inves t iga t ion  of a Mach 3.0, two-dimensional, 
external-internal-compression i n l e t  feeding t h r e e  engines was conducted 
over a Mach number range from 2.0 t o  2.98 a t  angles of a t t a c k  from Oo 
t o  4'. A t  Mach 2.98, a m a x i m u m  to ta l -pressure  recovery of 0.89 was ob- 
ta ined  a t  a mass-flow r a t i o  of 0.88. Recovery, i n  general ,  increased 
as Mach number decreabed, and reached a value of 0.93 a t  Mach 2.00. 
Since t h e  i n l e t  was shielded under a stub wing, t h e  recovery decrease 
due t o  a 4 O  angle of a t t ack  was never more than 1 .5  counts over t h e  
Mach number range. 

I n l e t  cont ro ls  were invest igated,  and it was determined t h a t  t h e  
i n l e t  t h r o a t  height could be scheduled as a funct ion of t h e  f i rs t - ramp 
Mach number only and t h a t  conditions near peak recovery could be set by 
posi t ioning t h e  bypass t o  keep a constant t h roa t - ex i t  Mach number. 

ImTRODUCTION 

A wind tunnel inves t iga t ion  was conducted a t  Mach numbers from 2.0 
t o  2.98 and angles of a t t ack  t o  4' on a two-dimensional, external-  
in te rna l -cont rac t ion  inlet  designed for Mach 3.0. The i n l e t  t e s t e d  was 
one-half of an induction system consisting of two, two-dimensional i n l e t s  
mounted back t o  back and each feeding three  engines. 
posi t ioned v e r t i c a l l y  s o  t h a t  they i n i t i a l l y  compress outward, and were 
mounted cen t r a l ly  under a d e l t a  wing so t h a t  they were shielded from 
flow angular i ty  across t h e  upper and lower  p la tes .  Performance da ta  
are Presented for t h e  optimum in t e rna l  boundary-layer bleed system inves- 
t iga ted ;  a4CiitionaNy, tine s t u w  included t h e  s teady-s ta te  e f f e c t s  of 
engine-out operation on t h e  two remaining ducts.  
posi t ioning both t h e  th roa t  height and bypass were invest igated,  and 
usable  cont ro l  parameters are presented. 

The inlets were 
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SYMBOLS 

area,  sq ft  

cowl-lip area, sq f t  

t h r o a t  area,  sq f t  

cowl-lip height (hor izonta l  component, perpendicular t o  t h e  
f r e e  stream, of dis tance between cowl l i p  and f i r s t - ramp 
leading edge), 1 . 7 8 7  f t  0, 

F 
P 

\w 
t h r o a t  height  (minimum dis tance  between t h r o a t  ramp and cowl), 

f t  

Mach number 

m a s s  f low,  slugs/sec 

t o t a l  pressure,  l b / s q  f t  

average t o t d  pressure, l b / sq  ft 

maximum t o t a l  pressure minus minimum t o t a l  pressure a t  
engine-face s t a t ion ,  ~ b / s q  ft 

t o t a l  pressure at t h e  throa t ,  lb/sq f t  

s t a t i c  pressure,  ~ b / s q  f t  

sensor pressure used f o r  cont ro l  sign& pressure r a t i o ,  Ib/sq f t  

Reynolds number 

d is tance  downstream of  cowl l i p ,  f t  

angle of a t tack ,  deg 

third-ramp angle (angle  with respect  t o  free-stream d i rec t ion )  , 
deg 

Subscripts : 

C cen ter  engine 

cs cowl-side engine 

r ramp-side engine p1 - 
; 6 -  

9 -  a .  

1 R  first ramp 
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third ramp 

free-stream conditions 

engine - f ace s t a t i o n  

APF'ARATlTS AIVD PROCEDURE 

Figure 1 shows the  model i n s t a l l ed  i n  the  10- by 10-foot supersonic 
wind tunnel.  
of one-half of t h e  ac tua l  induction system, which includes two v e r t i c a l  
inlets placed back t o  back. 
prototype. 
wing a t  Mach 3.0 and 0' angle of attack. 
was loca ted  below t h e  wing t o  remove the  wing boundary layer .  
l ( b )  shows t h e  flow-metering sec t ion  and presents  a p i c tu re  of the over- 
all length  of the model, which w a s  42.5 feet. 

The forward port ion ( f i g .  l ( a ) )  i s  a quarter-scale  model 

Each i n l e t  supplied three engines i n  t h e  
The lower p l a t e  i s  behind the  Mach wave emanating from the  

The upper-plate leading edge 
Figure 

A schematic diagram of t h e  inlet  is  presented i n  f i g u r e  2. The 
f i rs t  two compression surfaces were fixed ramps inc l ined  t o  t h e  free 
stream at angles of 7' and 12'. 
from 12' t o  1 7 . 5 0  with respect t o  the  free stream. The t h r o a t  ( f i f t h )  
ramp w a s  actuated s o  t h a t  it remained a t  a constant angle with respect  
t o  the cowl. The fourth ramp ms a free moving surface,  and i t s  posi-  
t i o n  w a s  determined by the  pos i t ions  of the  t h i r d  and t h r o a t  ramps. 
sixth ramp faired between t h e  t h r o a t  ramp and t h e  f ixed  subsonic d i f -  
fu se r  ramp through a f ixed j o i n t  a t  the th roa t  ramp and a s l id ing  j o i n t  
t o  the  diffuser; t h i s  allowed f o r  changes i n  t h e  axial length of t h e  
movable surfaces.  
sonic por t ion  of  t h e  i n l e t  and was incl ined 6 O  t o  the free stream. 

The t h i r d  ramp could be var ied remotely 

The 

The cowl was a f la t  compression surface i n  the  super- 

Figure 3 presents  a schematic diagram of the  bleed configuration 
tested and shows the weas of bleed on each surface.  Provisions were 
made f o r  area bleed on the  t h i r d ,  fourth, and t h r o a t  ramps and on t h e  
s i d e  w a l l s  and cowl. The bleed passages f o r  t h e  movable ramps were 
compartmented t o  preclude rec i rcu la t ion  and were ducted t o  t he  free 
stream. 
i n t o  the  free stream. 

The cowl and the  side-wall  bleed flows were dumped d i r e c t l y  

The va r i a t ion  i n  i n t e r n a l  contraction with t h r o a t  height i s  pre- 
sented i n  f i g u r e  4. A schematic diagram of t h e  model i n  f i g u r e  5 shows 
the i n l e t ,  by-pass, engine-face, and flow-metering s t a t ions .  The by-pass 
flow recpired for inlet -engine matching leaves the main duct through 
per fora t ions  j u s t  ahead of each of the  three engine faces .  Each engine 
face was  instrumented with four 5-tube, area-weighted rakes, 90' apart .  
The center  tube on each rake contained a p i t o t  s t a t i c  tube. Total- 
pressure recoveries  and d i s to r t ions  were ca lcu la ted  from these  rakes. 
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Where only one d i s t o r t i o n  i s  presented, it i s  t h e  highest  of t h e  t h r e e  
individual engine-face d i s to r t ions .  Downstream of t h e  engine faces,  
t h e  f low w a s  d i f h s e d ,  s t ra ightened by screens, and measured by ASME! 
nozzles. 
a t  each throat .  These s t a t i c s  were used i n  t h e  mass-flow calculat ions.  
Each engine flow was control led by a choked plug downstream of t h e  
nozzle 

Four s t a t i c  t aps  were loca ted  upstream of each nozzle and four  

r 
2 

Pressure d i s t r ibu t ions  along t h e  cowl were obtained from a row of 
s t a t i c  o r i f i ce s  along t h e  center l ine  of t h e  cowl. 
loca ted  a t  t h e  th roa t ,  was used t o  obtain t h e  t o t a l  pressure f o r  use as 

A four-tube rake, P 

CH a control reference.  
o r i f i c e s  and two to ta l -pressure  tubes t o  determine l o c a l  Mach number. 
Diffuser-exit  s t a t i c  pressure w a s  measured j u s t  upstream of t h e  point  
where the main duct separated i n t o  t h e  th ree  engine ducts.  

The f i rs t  ramp was  instrumented with t h r e e  s t a t i c  

The in le t  was t e s t e d  a t  Mach numbers from 2.0 t o  2.98, angles of 
a t t a c k  from 0' t o  4O, and Reynolds numbers of 0.50x106 t o  2.5x106 per  
f o o t .  
height  u n t i l  t h e  i n l e t  unstarted,  with t h e  mass-flow metering plugs at 
maximum flow area.  
height  was determined by f i rs t  determining t h e  plug area t h a t  j u s t  un- 
s t a r t e d t h e  i n l e t  and then s e t t i n g  100.5 percent of t h a t  plug area. 

The uns t a r t  t h roa t  height w a s  determined by decreasing t h e  t h r o a t  

The peak recovery of t h e  inlet  a t  a given t h r o a t  
5 

RESULTS AND DISCUSSIOR 

Inlet  Performance 

Figure 6 presents  peak i n l e t  performance f o r  third-ramp angles of 

Angle- 
16.5O, 15.5O, and f o r  t h e  angle of m a x i m u m  recovery. 
covery conditions are presented for a range of t h r o a t  heights.  
of-attack da ta  a r e  presented f o r  optimum t h r o a t  heights  only. 

Only t h e  peak re- 

Figure 6 ( a )  presents  inlet performance da ta  f o r  a third-ramp angle 
of 16.50, which is  the  optimum third-ramp angle  f o r  Mach 3.0 operation. 
A t  Mach 2.98, a peak pressure recovery of 0.89 w a s  obtained at  a mass- 
flow r a t i o  of 0.88 and a d i s t o r t i o n  level of 0.025. The inlet perform- 
ance was r e l a t i v e l y  in sens i t i ve  t o  t h r o a t  height;  f o r  example, at Mach 
2.98 where t h e  e f f e c t  was l a rges t ,  increasing t h e  t h r o a t  height  param- 
eter (hth/hcz) from 0.23 t o  0.244 ( 6  percent)  decreased to ta l -pressure  
recovery less than 1 percent. 
constant with Mach number, s tay ing  jus t  above t h e  90-percent level a t  
Mach numbers from 2.78 t o  2.18. 
cause the high third-ramp angle ( 8 3 ~  = 16.5O) caused t h e  oblique shock 
to detach from t h e  cowl l i p .  Therefore, no inlet  uns ta r t ing  occurred, 
and peak recovery as defined i n  APPARATUS AND PROCEDURE could not be 

The peak pressure recovery was  f a i r l y  

No da ta  are presented at Mach 2.0 be- t 

, 



5 

c 

$1 

i 

** 

determined. 
2-96 tu O.iG a i  iyiacii 2.i8, which was a t  l e a s t  p a r t i a l l y  Cue t o  t n e  corre- 
sponding increase  i n  engine-face Mach number from 0.249 t o  0.49. 
mass-flow r a t i o  decreased continuously with Mach number f rom 0.88 a t  
Mach 2.98 t o  0.73 a t  Mach 2.18. Because t h e  i n l e t  was shielded from 
angle of a t t a c k  by a wing, t h e  reduction i n  recovery due t o  angle of at- 
t ack  w a s  l imi t ed  t o  a maximm. of 1 .5  counts a t  4O, and t h e  d i s t o r t i o n  
was unaffected.  
by precompression from the  wing .  

The i n l e t  d i s t o r t i o n  increased from a low of 0.022 a t  Mach 

The 

The increased mass flow at angle of a t t a c k  was caused 

Reducing t h e  third-ramp angle t o  15.5O ( f i g .  6 ( b ) )  improved t o t a l -  
pressure recovery 2 counts a t  Mach 2.-58 and 1 count a t  Mach 2.18, and 
caused on ly  a'ininor reduction i n  recovery of 0 .3  count at  Mach 2.98. 
Data are presented a t  Mach 2.0 f o r  a third-ramp angle of  15.5O, s ince  
t h e  oblique shock did not detach from t h e  cowl as it d id  with a th i rd -  
ramp angle of 16.5O. 
d id  not a f f e c t  d i s to r t ion .  
third-ramp angle of 15.5O because the  bypass was not sealed,  thus a l low-  
ing a small but  unknown amount of f l o w  t o  l e a k  out t h e  closed bypass. 

Changing t h e  third-ramp angle from 16.5O t o  15.5O 
Mass-flow r a t i o s  are not presented a t  a 

I n l e t  performance at t h e  third-ramp angle f o r  maximum recovery f o r  
each Mach number i s  presented i n  f igure 6 ( c ) .  These s e t t i n g s  of 16.5O, 
13.5O, 1 2 O ,  and 12' a t  corresponding Mach numbers of 2.98, 2.58, 2.18, 
and 2.00 r e su l t ed  i n  gains of about 2 counts i n  to ta l -pressure  recovery 
a t  Mach numbers other  than Mach 2.98 when compared with data obtained a t  
a ramp angle of 16.5O ( f i g .  6 ( a ) ) .  Only s l i g h t  increases  i n  mass-f low 
r a t i o  were encountered a t  t h e  lower Mach numbers and low third-ramp 
angles. When compared with t h e  peak recoveries at a constant t h i r d -  
ramp angle of 15.5', it can be seen t h a t  s i g n i f i c a n t  gains  i n  pressure 
recovery are obtained a t  Mach 2.0 only by s e t t i n g  t h e  lower third-ramp 
angle. 1 

Figure 7 presents  a summary of var ia t ion  of peak in le t  recovery 
with third-ramp angle. A t  Mach 2.98 and 2.58, a m a x i m u m  i n l e t  pressure 
recovery occurred a t  third-ramp angles of 16.5O and 13.5', respect ively.  
However, t h e  peak i n l e t  pressure recovery w a s  r e l a t i v e l y  in sens i t i ve  t o  
t h e  third-ramp angle, as t h e  recovery remains within a count of t he  
peak value over a range of at  l e a s t  3'. 
pressure recovery as a funct ion of third-ramp angle did not occur a t  
Mach 2.18 and 2.00, even when t h e  th i rd  ramp w a s  lowered t o  t h e  same 
angle ( 1 2 O )  as t h e  second, f i xed  ramp. 

A peak i n  t h e  curve of i n l e t  

Total-pressure contours a t  t h e  compressor-face s t a t i o n s  a r e  pre- 
sented i n  f i g u r e  8. 
ery a t  Xach 2,98, as can be seen from f igu re  8(a).  
third-ramp angle of 16.5O, where t h e  compressor-face Mach number i s  
double t h e  Mach 2.98 value, t h e  d i s to r t ion  i s  g rea t ly  increased ( f i g .  
8 ( b ) ) .  The high recovery a i r  tends t o  s t ay  near t h e  center  of t h e  duct 

There i s  l i t t l e  d i s to r t ion  a t  peak pressure recov- 
At Mmh 2 - 1 8  m d  a 

&<;; 
'it s" <,? P? 

c O N F I D ~ ~ $ ~ + .  
'PI'* 1 

s,.- J$ 
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and enters t h e  center  engine, while t h e  duct boundary l a y e r  appears on 
t h e  bottom and top  of the  center  engine and on t h e  outer  s ides  of both 
the  cowl- and ramp-side engines. The ramp-side engine-face recovery 
was generally lowest; t h i s  w a s  probably due t o  t h e  curvature of t h e  
ramps. 
t h e  recovery w a s  increased a t  both the  ramp-side and center  engine faces  
but decreased a t  t he  cowl-side engine face.  
pears t o  have moved from t h e  r i g h t  of t h e  i n l e t  t o  t h e  center ,  as if 
separation had been stopped ( t h i s  w i l l  be  shown l a t e r ) .  
was opened t o  simulate ac tua l  f l i g h t  conditions ( f i g .  8 ( d ) ) ,  t h e  dis-  
t o r t i o n  was reduced by removal of t h e  air  around t h e  periphery of t h e  
engine ducts. 

By reducing t h e  third-ramp angle t o  12O at Mach 2.18 ( f i g .  8 ( c ) ) ,  

A high recovery flow ap- 

When t h e  bypass 

I n l e t  performance a t  t h e  individual  engine faces  i s  presented i n  
f igu re  9. The center  engine a l w a y s  had t h e  highest  to ta l -pressure  re -  
covery by 2 t o  4 counts. 
t h e  low recovery at t h e  ramp-side engine f a c e  appears t o  be due t o  a 
separation, as t h e  duct t o t a l  pressure i s  much lower than t h e  t o t a l  
pressure i n  the  center- and cowl-side ducts,  and t h e  va r i a t ion  with Mach 
number i s  very s imi l a r  t o  t h e  var ia t ion  of d i f fuse r - ex i t  s t a t i c  pres- 
sure. However, t h i s  separat ion does not appear a t  t h e  third-ramp angle 
of 1 2 O ,  where t h e  ramp- and cowl-side engine-face recoveries a r e  almost 
t h e  same. 
cowl- and ramp-side engines, which were s i m i l a r  i n  nature.  

A t  high third-ramp angles and l o w  Mach numbers, 

The d i s t o r t i o n  f o r  t h e  center  engine w a s  always l e s s  than t h e  

The e f f ec t  of reducing the  Mach number a t  one engine face,  simu- 
l a t i n g  engine-out conditions, on t h e  recovery and d i s t o r t i o n  a t  t h e  
other  t w o  engine faces  i s  shown i n  f igu re  10. The engine-face Mach num- 
bers  of the full flowing ducts a r e  those corresponding t o  f l i g h t  condi- 

reduction o f  t h e  ramp-side engine-face Mach number ( f i g .  lO(a) )  forced 
i t s  l o w  recovery flow i n t o  t h e  center  engine, thus reducing t h e  pressure 
recovery and increasing t h e  d i s t o r t i o n  of t h e  center  engine. 
t h e  high recovery flow t h a t  usua l ly  entered t h e  center  engine r a i sed  
the  pressure recovery of  t h e  cowl-side engine face.  
center  or t he  cowl-side engine-face Mach numbers ( f i g s .  10 (b )  and ( c ) )  
had l i t t l e  e f f e c t  on t h e  conditions a t  t h e  o ther  engine faces .  Further ,  
t he re  was l i t t l e  e f f e c t  of  a l t e r n a t e l y  reducing t h e  engine-face Mach 
numbers a t  a free-stream Mach number of 2.98. Therefore, t h e r e  seems 
t o  be no de te r io ra t ion  i n  engine-face flow under simulated engine-out 
conditions, unless poor f l o w  already i s  present somewhere i n  t h e  duct.  

I t i ons ,  and t h e  excess a i r  was diver ted through t h e  bypass. A t  Mach 2.18, 

Some of 

Reduction i n  t h e  

, 

The ef fec t  of  Reynolds number on peak i n l e t  performance is  pre- 
sented i n  f i gu re  11. 

t h e  mass-flow r a t i o  dropped about 2.5 counts, and t h e  d i s t o r t i o n  in-  
creased s l igh t ly .  

By reduction of t h e  Reynolds number f rom 2.5XL06 
t o  O-5>u06, t h e  to ta l -pressure  recovery was  reduced about 2.5 counts, 

free-stream static pressure w a s  higher at t h e  lower Reynolds number, 

c 

The r a t i o  of s t a t i c  pressure on t h e  first ramp t o  t h e  
,. 

I -\ 

c- COpBE1DEIVTCAL 



7 

indicat ing a l a r g e r  e f fec t ive  ramp angle, which would s p i l l  flow and 
t.herehy r e + ~ c e  t h e  e~>t.;red EZSS flow. 
contract ion have been invest igated a t  intermediate Reynolds numbers i n  
t h e  10- by 10-foot tunnel ( r e f .  l), and t h e  recovery has been found t o  
be r e l a t i v e l y  constant down t o  Reynolds numbers of 1.0 t o  1.5xl.06 per 
foot and then t o  decrease. A similar vaxiation would be expected f o r  
t h i s  inlet .  

Otner i n i e t s  employing i n t e r n a l  

Since only peak recovery data have been introduced, f i g u r e  1 2  i s  
presented t o  i l l u s t r a t e  t h e  mass-flow var ia t ion  with recovery and the  
e f f e c t  of the  t h r o a t  height on t h e  shape of the pressure-recovery - 
mass-flow curve. 
value, the terminal-shock posi t ion had l i t t l e  e f f e c t  on the  s t a t i c  
pressures ahead of the  throa t  where the porous bleed i s  located, s o  t h a t  
recovery changed a t  nearly constant mass-flow r a t i o .  However, at l a r g e r  
t h r o a t  areas,  t h e  shock pos i t ion  increased t h e  t h r o a t  s t a t i c  pressures,  
which increased t h e  bleed and caused the mass flow t o  decrease as t h e  
pressure recovery was increased. 
recovery - mass-flow curve i s  advantageous from a control  standpoint i n  
that  it f'urnishes a change i n  control  parameter a t  nearly constant pres- 
sure  recovery. 

A t  a t h r o a t  height o f  100.5 percent of the u n s t a r t  

This "bending over" of the  pressure- 

The var ia t ion  I n  the u n s t a r t  and restart t'nroat height with f ree-  
stream Mach number is  presented i n  figure 13. 
t h r o a t  height i s  based on the a b i l i t y  o f  the  t h r o a t  t o  pass all t h e  
capture mass flow, with t h e  terminal shock r i g h t  a t  the  cowl l i p .  This 
c r i t e r i o n ,  however, is  not the case, since the ac tua l  restart throa t  
heights  f a l l  w e l l  below t h e  predicted values. This i s  due t o  an increase 
i n  the porous bleed during s t a r t i n g  as w e l l  as a condition previously 
described i n  reference 2. I n  tha t  report ,  it was observed that  a sepa- 
r a t i o n  on the ex terna l  compression surface caused an oblique shock which 
s p i l l e d  flow around the  cowl l i p  and improved the  e f f ic iency  of compres- 
sion. Both r e s u l t s  decrease the  required t h r o a t  area for s t a r t i n g .  Be- 
cause of these  e f fec ts ,  t h e  predicted value i s  q u i t e  conservative. 
Transient s t a r t i n g  conditf--- - ~ r i n i ~ g  t h e  required change i n  e x i t  area, 
were i l l u s t r a t e d  during the  t e s t  by reducing and then increasing the  flow 
with the t h r o a t  height at the  restart posit ion,  which re ta ined  a l a r g e  
amount of i n t e r n a l  contraction. A s  the  exit a rea  was reduced, t h e  pres- 
sure  recovery w a s  increased u n t i l  t h e  i n l e t  unstar ted and entered buzz. 
When t h e  e x i t  area was  increased s l igh t ly ,  the i n l e t  w a s  found t o  b e  
started and at  peak pressure recovery as soon as t h e  i n l e t  buzz stopped. 
Under steady-state conditions, t h e  exit  a r e a  would have t o  be g r e a t l y  
increased t o  allow a l l  t h e  flow t o  pass a t  the  low recovery s t a r t i n g  
conditions. I n l e t  s t a r t i n g  during buzz, however, was r a t h e r  e r r a t i c  
and hence was not thoroughly investigated. 

The predicted r e s t a r t  
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I n l e t  Control Parameters 

I n l e t  control  parameters must be found t o  regulate  both t h e  amount 
of internal  contraction and bypass weight flow. 
number i s  a possible parameter f o r  posit ioning t h e  t h r o a t  panel ( f i g .  
1 4 ) .  
could be measured, and t h e  control  would schedule t h r o a t  height with t h e  
r a t i o  of t h e  pressures. A t  Oo angle of a t t a c k  t h e  u n s t a r t  t h r o a t  height  
v a r i e s  smoothly with t h e  first-ramp Mach number. 

The f i rs t - ramp Mach 

I n  t h i s  case t h e  s t a t i c  and t o t a l  pressures on t h e  f i r s t  ramp 

41 
3 

A t  angle of a t tack ,  
t h e  throat heights f a l l  below -the 0' curve, thus showing t h e  a b i l i t y  t o  
s e t  t h e  optimum schedule of t h r o a t  height with f i rs t - ramp Mach number 

P 

trl at  0' angle of a t tack  without uns ta r t ing  t h e  i n l e t  at higher angles of 
a t tack .  The first-ramp pressures,  however, have a low gain and may b e  
d i f f i c u l t  t o  sense. 

Stat ic-pressure var ia t ion  i n  t h e  t h r o a t  region could possibly be 
used f o r  control  of both t h e  i n l e t  contraction, or th roa t  height,  and 
t h e  terminal-shock o r  bypass posi t ion.  It has been proposed t o  control  
t h e  i n l e t  contraction by measuring t h e  t h r o a t  supersonic Mach number by 
sensing the  throa t  t o t a l  and s t a t i c  pressures.  For control,  t h e  t h r o a t  \ 

height  would be reduced u n t i l  t h e  t h r o a t  Mach number reached some mini- 
mum value. However, such a control  requires  t h e  pressures t o  be a func- 
t i o n  OP external conditions only; and it can be seen i n  f i g u r e  15 t h a t  
the  terminal shock a f f e c t s  the  s t a t i c  pressure throughout t h e  t h r o a t  
region, so t h a t  such a control  does not appear t o  be feas ib le .  

For terminal-shock o r  bypass control ,  t h e  s ta t ic -pressure  r ise as- 
sociated with the  terminal shock i s  t h e  most obvious control  parameter. 
However, for  t h i s  control,  t h e  peak recovery s t a t i o n  f o r  t h e  terminal 
shock must be consistent,  s o  t h a t  the  pressure r i s e  can be measured i n  
a f ixed region of the  t h r o a t  near peak recovery. But i n  f i g u r e  15 it 
can be seen t h a t  the shock pos i t ion  at peak recovery changed s i g n i f i -  
can t ly  with a r a t h e r  minor change i n  t h r o a t  height (102 t o  108 percent 
of t h e  u n s t a r t  th roa t  he ight ) .  For t h i s  reason, measuring t h e  f u l l  
shock pressure r i s e  f o r  shock pos i t ion  control  over a wide range of 
f l i g h t  conditions does not appear feas ib le .  However, t h e  s ta t ic -pressure  
var ia t ion at t h e  s t a t i o n  marked "sensor" var ies  qu i te  cons is ten t ly  a t  
both throat  heights,  and f o r  t h i s  reason t h e  s t a t i c  pressure at t h a t  po- 
s i t i o n  was invest igated f o r  use as a possible  control  parameter. 

The performance of a recovery control  parameter consis t ing of t h e  
r a t i o  of t h e  s t a t i c  pressure a t  t h e  s t a t i o n  marked "sensor" ( f i g .  15) 
t o  a t o t a l  pressure at  t h e  t h r o a t  i s  presented i n  f igures  1 6  t o  18. 
u r e  1 6  presents t h e  var ia t ion  i n  the control  parameter with recovery 

2.98, 2.58, and 2.18. A s ingle  pressure r a t i o  of 0.67 w i l l  pos i t ion  t h e  
shock within a m a x i m u m  of 2 counts of peak pressure recovery f o r  a l l  

Fig- 

change a t  t h e  third-ramp angle for maximum recovery and Mach numbers of 

conditions presented, except a t  100.5 percent of t h e  u n s t a r t  t h r o a t  

t 

d 

CONFIDENTIAL , 
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height. For other  third-ramp angles ( f i g .  17), t h e  da ta  i n d i c a t e  simi- 
l a r  performance f o r  the  same pressure r a t i o  of 0.67 a t  all conditions 
except at 110 percent of t h e  uns ta r t  th roa t  height and Mach 2.18. Fig- 
ure  18 presents  t h e  e f fec t  of 4O angle of a t t a c k  on the  performance of 
t h e  control  s igna l  pressure r a t i o .  
again was found t o  work s a t i s f a c t o r i l y  except a t  Mach 2.98, where t h i s  
value was  not reached. However, the  problem at  Mach 2.98 and 40 angle 
of a t t a c k  possibly could be solved by choosing a d i f f e r e n t  s t a t i o n  t o  
sense s t a t i c  pressure. The l a r g e s t  problem t h a t  can be foreseen i n  us- 
ing this control  parameter, which i s  based on s e t t i n g  a constant Mach 
number downstream of t h e  throa t ,  i s  t h a t  it has a much lower gain than 
i f  a shock pressure r i s e  were t o  be sensed. 
appears t o  have general  appl icat ion as a recovery control  parameter, 
s ince it also was found t o  be usable f o r  control  of an a x i a l l y  symmetric, 
internal-contract ion i n l e t  employing f lush  s l o t  bleed ( r e f .  3). The 
performance has been discussed f o r  use of a constant control  pressure 
r a t i o  over t h e  Mach number range investigated, bu t  t h i s  performance 
could be improved by scheduling a r a t i o  as a function of free-stream 
conditions. 

A constant pressure r a t i o  of 0 .67  

The throa t -ex i t  Mach number 

SUMMARY OF RESULTS 

A Mach 3.0, two-dimensional, external-intern&-compression i n l e t  
supplying t h r e e  engines was t e s t e d  i n  t h e  10- by 10-foot supersonic 
wind tunnel a t  Lewis Research Center with t h e  following r e s u l t s :  

1. A to ta l -pressure  recovery of 0.89 w a s  obtained at a mass-flow 
r a t i o  of 0.88 at  Mach 2.98. 

2. Near-optimum i n l e t  performance could be obtained with a constant 
i n l e t  third-ramp angle of 15.5' over the Mach number range from 2.0 t o  
3.0. 

3. Decreasing t h e  Reynolds number from 2.5X106 t o  0.5X106 per  foot  
reduced t h e  peak pressure recovery 2.5 counts and the  mass-flow r a t i o  
2.5 counts, 

4. Reducing t h e  flow i n  any of t h e  t h r e e  engine ducts t o  simulate 
engine-out conditions affected t h e  flow i n  the  other  engine ducts only 
i f  considerable d i s t o r t i o n  were already present a t  t h e  d i f f u s e r  exit.  

5 .  The i n l e t  t h r o a t  height can be s a t i s f a c t o r i l y  scheduled as a 
function of first-ramp Mach number. 

6. The terminal shock af fec ted  the s t a t i c  pressure upstream of t h e  
throat .  It was therefore  impossible to  sense a t h r o a t  Mach number f o r  
use as a parameter t o  posi t ion t h e  throat height.  
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7 .  The terminal shock system was not discrete at peak pressure re- 
covery, and its location in the duct at peak recovery varied with Mach 
number and throat height. 
terminal-shock pressure rise at one station at o r  near peak recovery. 

This made it impossible to sense the f u l l  

8. Using the throat-exit Mach number (by setting a ratio between a 
throat-exit static and a throat total) as a bypass control parameter 
appeared feasible. 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, January 27, 1961 
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( a )  Third-ramp angle, 16.5' (bypass sealed) . 
Fl-gure 6 .  - Peak inlet performance. Reynolds nmber ,  2.5~10~ per foo t .  
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( b )  Third-ramp angle, 15.5' (bypass closed but not sea led) .  

Figure 6. - Continued. Peak i n l e t  perfonaance. Reynolds number, 2.5X106 per  foot .  
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( e )  Third-ramp angle f o r  maximum recovery (bypass sea l ed ) .  

Figure 6 .  - Concluded. Peak i n l e t  performance. Reynolds number, 2 . 5 X 1 0 6  per foo t  
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(a )  Mach 2.98. 
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(b)  Mach 2.58. 

( c )  Mach 2.18. 

.94 

.92 

T h i r d - r m ; ~  angle,  83R, deg 

(d)  Mach 2.00. 

F igu re  7. - Effec t  of third-ramp ang le  on i n l e t  recovery  at optimum t h r o a t  
he igh t . .  Reynolds number, 2.5X106 p e r  foot;  angle of a t t a c k ,  0'. 

t .  
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(a)  Mach 2.98; third-ramp angle, 16.5'; bypass closed. 

(b )  Mach 2.18; third-ramp angle, 16.5'; bypass closed. 

( c )  Mach 2.18; third-ramp angle, 12'; bypass closed. 

( d )  Mach 2.18; third-ramp angle, 16.5O; bypass open t o  simulate t y p i c a l  
engine-face Mach numbers. 

Figure 8 .  - m i n e - f a c e  to ta l -pressure  recovery contours. Reynolds number, 2. 5X106 per  
foot; angle of a t tack ,  0'. 
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(a)  Simulation of ramp-side 
engine out. M2c and 
Mzcs constant a t  maxi- 
mum value of MZr. 
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Engine face 
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Center 
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Open symbols denote Mach 2.98 
Solid symbols denote Mach 2.18 
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M2c 

(b)  Simulation of center 
engine out. MZr and 
MZcs constant a t  maxi- 
mum value of MZc. 

0 .2 . 4  

M2cs 

( c )  Simulation of cowl- 
s ide engine out. MZr 

and MZc constant at 
maximum value of MZcs. 

Figure 10. - Change i n  individual engine-face peak performance with a l te rna te  reduction 
i n  flow at each engine face, t o  simulate one-engine-out conditions. 
16.5'; angle of attack, 00; Reynolds number, 2.5X106 per  foot.  

Third-ramp angle, 
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Figure 11. - Effect of Reynolds number 
peak i n l e t  performance. 
tack, 0’; third-ramp angle, 16.5’. 
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th roa t  height 
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.92 
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Mass-flow ra t io ,  m 2 / 1 r ~  

Figure 12. - Variation i n  in l e t  mass-flow r a t i o  with change i n  
Reynolds recovery a t  third-ramp angle f o r  maximum recovery. 

number, 2.5X106 per foot ;  angle of a t tack,  0'. 
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Figure 13. - Comparison of restart th roa t  height with predicted 
value and unstart th roa t  height.  
Reynolds number, 2.5X106 p e r  foo t .  

Third-ramp angle, 16.5'; 

CONFIDENTIAL 



.44 I I I I I I 

MO 
2.18 
2.38 

.40 

.36 

.32 

.28 

.24 

.20 
1.8 2.0 2.2 

20 

a = 00)  

,2. 4 2.6 
First-ramp Mach number, Mm 

Figure 14. - Effect of first-ramp Mach number on un- 
start  t h r o a t  height. F i r s t  -ramp angle, 16.5'; 
Reynolds number, 2. 5X10b p e r  f o o t  . 
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(a) 102 percent of uns ta r t  t h r o a t  height.  

1.6  2.0 2.4 
Distance downstream of cowl l i p ,  x/hCL 

(b)  108 percent of u n s t a r t  th roa t  height.  

Figure 15. - Cowl s t a t i c - p r e s s u r e  d i s t r i b u t i o n s .  
number, 5.0; angle of a t tack,  0'; Reynolds number, 2.5X106 per  
foot  . 

Free-stream Mach 
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